Much work has been published on the fine structure of the parathyroid gland.
Additionally, electron microscopic studies of the mouse parathyroid gland under normal and experimental conditions have been reported by several authors (HARA and NAGATSU, 1964; STOECKEL and PORTE, 1966a, b; NAKAGAMI, 1967; LATTA and RUTZ, 1968) . In most of these investigations, however, the description of the parathyroid gland is limited to adult animals and there have been few detailed papers on the development of the parathyroid gland.
The present study was carried out in order to clarify the differences on the ultrastructure of the mouse parathyroid gland in various postnatal stages.
Materials and Methods
Ninety mice of dd-strain of both sexes, 1, 3, 7, 10, 14 and 21 days, and 1, 2, 3, 4, 5, 6, 8, 12, 15 and 18 months after birth were used in this study.
The parathyroid glands were removed under ether anesthesia. Most of them were immersed in 1% osmium tetroxide in 0.2M Millonig's buffer, pH 7.4, for 1hr. Some were placed in a mixture of 2% paraformaldehyde and 2.5% glutaraldehyde in 0.2M phosphate buffer, pH 7.5, for 2hrs and then were postfixed in 1% osmium tetroxide in the same buffer for 1hr.
After dehydration in a graded acetone series, the specimens were embedviewed with a light microscope. Thin sections cut on a Porter-Blum MT-1 ultra- Hitachi HS-8 and JEM 100U electron microscope.
Results
For the sake of convenience in description, the mouse parathyroid glands were divided into the four following age groups: 1) one day, 2) three-21 days, 3) one-6 months, and 4) over 8 months.
The parathyroid gland in mice one day old
The parathyroid gland of a one-day-old mouse was a rounded body enclosed in a capsule of loose connective tissue (Fig. 1, inset) . The parenchyma was poor in loose connective tissue conveying a few blood vessels (Fig. 1, Inset) , and was composed of a single cell type: a round to oval chief cell (Fig. 1 were distributed in the cytoplasm (Fig. 1) . Free ribosomes were very few. The
Golgi apparatus was poorly developed and contained occasional prosecretory granules the cytoplasm or near the plasma membrane ( Fig. 1, 5 ). Multivesicular bodies and lipid droplets were only occasionally found in some cells (Fig. 1 ). Mitoses were only infrequently observed (Fig. 5) . The centrioles were sometimes seen in or near the Golgi apparatus.
The parathyroid gland in mice 3-21 days old
Loose connective tissue and blood vessels in the parenchyma were gradually increased in amount with age. The cytoplasmic volume of individual chief cells was increased as compared with that of a one-day-old mouse. Plasma membranes of adjacent chief cells pursued a relatively straight course (Fig. 2) . The nucleus was centrally located (Fig. 2 ). It was round or oval and occasionally indented (Fig. 2 ).
Free ribosomes, mitochondria and secretory granules were gradually increased in number with age (Fig. 2) ; some granules were observed in the peripheral cytoplasm or near the plasma membrane ( Fig. 2, 7 ). In most chief cells, the Golgi apparatus and the granular endoplasmic reticulum were poorly developed. At 21 days, the Golgi apparatus was sometimes well developed and contained relatively numerous prosecretory granules (Fig. 7) ; cisternae of the glanular endoplasmic reticulum were sometimes arranged in parallel array and were occasionally recognized in close proximity to mitochondria (Fig. 8) . Multivesicular bodies and lipid droplets were occasionally observed (Fig. 2, 8) . The centrioles frequently occurred in or near the Golgi apparatus.
The parathyroid gland in mice 1-6 months old
The parathyroid gland was composed of clusters and cords of the chief cells (Fig. 3, inset) surrounded by loose connective tissue containing rich blood vessels, fibroblasts, collagenous fibers and occasional unmyelinated nerve fibers. Plasma Chief cells with well-developed membranes pursued a tortuous course with complex interdigitations between adjacent chief cells (Fig. 3) . Enlarged intercellular spaces having floccular substance were sometimes found. The round or oval nucleus was located in the center of the cytoplasm; deep indentations sometimes occurred (Fig. 3) . Free ribosomes and mitochondria were distributed abundantly throughout the cytoplasm (Fig. 3) . Cisternae of the granular endoplasmic reticulum were frequently arranged in parallel arrays or were often distributed near mitochondria (Fig. 3, 10) . Well-developed Golgi apparatus consisting of stacks of cisternae. smooth and coated vesicles and condensing vacuoles were randomly and widely distributed throughout the cytoplasm (Fig. 3, 9, 10), and were associated with increased numbers of prosecretory granules of different electron densities (Fig. 9) . Most chief cells contained many secretory granules (Fig.   3 , 9, 10, 11), and relatively numerous secretory granules were seen in the vicinity of plasma membranes (Fig. 3, 10, 11 ). Multivesicular bodies and lipid droplets sometimes occurred in the cytoplasm. Oval or irregularly shaped heterogeneously dense
In or near the Golgi apparatus the centrioles were often seen (Fig. 11) . Occasionally, the cilium was encountered in the chief cells. Plasma membranes of adjacent chief cells often showed complex interdigitations (Fig. 4) . The nucleus was generally irregular in outline and deep indentations were frequently seen (Fig. 4) . Mitochondria were scattered abundantly throughout the (Fig. 4) . Cisternae of the granular endoplasmic reticulum were sometimes arranged in parallel array or were randomly distributed (Fig. 4, 12) . Sometimes, mitochondria and cisternae were located close to each other (Fig. 12) . In most chief cells, the Golgi apparatus was relatively well developed (Fig. 12) . Free ribosomes, prosecretory granules and secretory granules were reduced, while oval or irregularly shaped heterogeneously dense bodies and lipid droplets were increased in number with age (Fig. 4, 12) . Secretory granules were sometimes found in the peripheral cytoplasm (Fig. 4, 12) . Multivesicular bodies and the centrioles frequently occurred in or near the Golgi apparatus. The cilium was rarely seen in the chief cells.
During various postnatal stages, the mitochondria-rich oxphilic cell was not observed, and most chief cells contained a small amount of glycogen particles.
Discussion
The parenchymal cells in the human, monkey, horse, bat and turtle parathyroid gland have been ultrastructurally classified into two main types of cells: the chief cell and the oxphilic cell (TRIER, 1958; LANGE, 1961; ROTH and MUNGER, 1962; HOLZMANN Fig. 12 . Parathyroid chief cells from 15-month-old mouse. Note relatively welldeveloped Golgi apparatus (G), many irregularly shaped heterogeneously dense bodies and LANGE, 1963; NAKAGAMI, 1965; FUJIMOTO et al., 1967; CLARK and KHAIRALLAH, 1972; SAKUMA, 1974; YAMAGUCHI et al., 1976) . In the newt and toad, the basal cell has been recognized (SETOGUTI et al., 1970a, b; ISONO et al., 1971; IWATSUTSUMI, 1971) .
However, in the parathyroid gland of most other animals, a single cell type, the chief cell, has been widely identified.
It has been demonstrated that the chief cell was divided into a dark and light type (LEVER, 1957; LANGE, 1961; ROTH and MUNGER, 1962; HOLZMANN and LANGE, 1963; CAPEN et al., 1965; NAKAGAMI, 1965; ROGERS, 1965; CAPEN and YOUNG, 1967; FUJIMOTO et al., 1967; CAPEN and ROWLAND, 1968; HARA and NAGATSU, 1968; COLEMAN, 1969; FETTER and CAPEN, 1970; IWATSUTSUMI, 1971; CLARK and KHAIRALLAH, 1972; NARBAITZ, 1972) . NAKAGAMI (1967) recognized in the mouse parathyroid gland that variation in cytoplasmic density of the chief cells was accompanied by alteration in the configuration and development of the cell organelles. In the present study the mouse parathyroid gland during various postnatal stages was comprised of only the chief cell, and it was difficult to identify the light and dark chief cells as pointed out by several authors (STOECKEL and PORTE, 1966a, b; MURA-KAMI, 1970; FURUTA, 1971; FUJII and ISONO, 1972; SHOUMURA, 1974; FUJII, 1975; ISONO et al., 1976; TAKAI, 1976 (LEVER, 1957; HARA and NAGATSU, 1964; CAPEN et al., 1965; ROGERS, 1965; STOECKEL and PORTE, 1966a; SETOGUTI et al., 1970b; FURUTA, 1971; FUJII and ISONO, 1972; SHOUMURA, 1974) . In the chief cells of the parathyroid gland of mice between the ages of 8 and 18 months, free ribosomes, prosecretory granules and secretory granules in the peripheral cytoplasm were reduced in number with age. The Golgi apparatus was moderately well developed. This suggests a decrease in the synthesis and release of parathyroid hormone in this age as compared with mice between the ages of one and 6 months.
The present authors observed an increased tortuosity of the plasma membranes between adjacent chief cells with development. Similar results have also been reported in the active chief cells (CAPEN et al., 1965; NAKAGAMI, 1965; ROTH and RAISZ, 1966; YOUSHAK and CAPEN, 1970; TAKAI, 1976) . MURAKAMI (1970) described that the change in the tortuosity of the plasma membrane was related to the uptake of amino acid and the release of parathyroid hormone through the plasma membrane. Endocrinol. 19: 253-258 (1972) .
